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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#104bise, the agreements related to timing relationship in NTN are as following:

Agreement:
For updating K_offset after initial access, at least one of the following options is supported:
· Option 1: RRC reconfiguration
· Option 2: MAC CE
FFS: Other options

Agreement:
· For determination of cell-specific K_offset in system information, down-select one option from below:
· Option 1: Signal one offset value for K_offset
· Note: For example, the value is expected to cover the RTT of service link plus the RTT between serving satellite and reference point
· Option 2: Signal a first offset value and a second offset value. K_offset is equal to the sum of the two offset values
· Note: For example, the first offset value is expected to cover the RTT between serving satellite and reference point or is determined by common TA, and the second offset value is expected to cover RTT of service link

Agreement:
Confirm the following working assumption:
Introduce K_offset to enhance the adjustment of uplink transmission timing upon the reception of a corresponding timing advance command.

Agreement:
When UE is not provided with K_offset value other than the one signaled in system information, the K_offset value signaled in system information is used for all timing relationships that require K_offset enhancement.

Agreement:
UE can be provided by network with a K_mac value.
· When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.

In this contribution, we discuss the issues related to timing relationship in NTN.
2 Discussion
2.1 Signaling of K_offset
It is agreed that cell-specific K-offset is used in initial access, and K-offset can be updated after initial access. 
There is discussion in last meeting on whether the update of K-offset is by RRC or MAC CE. From our perspective, RRC signaling has large latency from signaling transmission to application of the signaling. MAC CE signaling has a smaller application latency, and the application time instance is explicitly defined in specification. So MAC CE signaling is more clear and suitable for NTN considering the large propagation delay in NTN.
Proposal 1: Support MAC CE signaling to update K-offset after initial access.

There is also discussion regarding whether the indication of K-offset is by a single value or by combination of two values. From our perspective, the option with two values is more preferred considering signaling overhead reduction, as there is already common timing offset indication to determine uplink TA.
Proposal 2: Support K-offset indication with two values. The first value corresponding to RTT between satellite and reference point and the second value corresponding to RTT of service link.

The K-offset is corresponding to the RTT between the UE and the reference point. A reference point is defined to be a position where DL TX and UL RX are aligned at gNB side. The reference point can be between UE and satellite or between satellite and gNB depending on configuration. In case that the reference point is between satellite and gNB, K-offset corresponding to the distance between UE and satellite and the distance between satellite and the reference point. During the discussion on uplink synchronization, it is agreed that a common timing offset will be broadcasted. The common timing offset corresponds to the RTT between satellite and a reference point. 
During the LEO scenario, there are two kinds of satellites: the satellite with earth fixed beam and the satellite with earth moving beam. Earth fixed beam means that with satellite moving, the satellite for a UE won’t change and the beam may be changed. Earth moving beam means that with satellite moving, the corresponding beam coverage area is also changed, so the satellite may change accordingly. 
For different satellite beams and different reference point positions, there are two options to update of K-offset:
· Option 1: Indication by a drift rate.
· Option 2: Indication by a coordinate of a position on earth.

For Option 1, the drift rate is corresponding to the change rate of the cell-specific K-offset or the beam-specific K-offset if supported. The drift rate can be corresponding to the RTT between UE and satellite or between UE and satellite. The selected K-offset to be used between DL reception and UL transmission is determined by an initial value, a drift rate and a timing information.
For Option 2, the position can be an earth center or beam center, and the RTT between UE and satellite is determined by the indicated position and satellite position. And the RTT between satellite and the reference point can be determined by the common timing offset discussed on the uplink synchronization agenda.

Proposal 3: Update of K-offset can be indicated by a drift rate or by indication of a coordinate of a position.
For earth moving beam, as the satellite moving will lead to change of the coverage area. It is preferred that multiple beam specific K-offset is maintained at the UE side, and the UE will be informed which K-offset to use for a time duration. The indication of the beam id to determine the beam-specific K-offset can be by explicit signaling or by implicit signaling based on associated RS of other RS/channels, e.g. the PDSCH QCL RS indicated in TCI state or the spatial relation info of the lowest indexed Coreset, etc.
Proposal 4: Support indication of beam specific K-offset.
Proposal 5: The beam specific K-offset can be indicated by an associated RS explicitly or implicitly.
2.2 Start of Msg2/MsgB RAR window
There is also discussion on the time offset between PRACH transmission and start of Msg2/MsgB RAR window. From our perspective, the PRACH transmission is corresponding to UL timing, and the reception of Msg2/MsgB RAR is corresponding to DL timing. In NTN network, if TA is pre-compensated for PRACH transmission based on GNSS, then an additional offset corresponding to RTT between UE and satellite is already added between PRACH and RAR. And if the TA also includes the cell specific common timing offset, then an offset corresponding to the RTT between the satellite and the reference point is also added. If the reference point is gNB, no additional offset is necessary. And if the reference point is not gNB, an additional offset corresponding to RTT between reference point and gNB should be indicated. 
Observation 1: The timing for Msg1/MsgA transmission is UL timing, and the timing for RAR reception is DL timing.
Proposal 6: If DL TX and UL RX are aligned at gNB side, NO additional offset between Msg1/MsgA and RAR is necessary; otherwise, an additional offset corresponding to RTT between reference point and gNB is necessary. 
2.3 PDCCH ordered PRACH
There is also discussion in last meeting regarding whether an offset is necessary between PDCCH order and corresponding PRACH transmission. The current specification says “determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB”. From our perspective, as there is “available” in the description, so if one RO after TA application is before PDCCH order reception, it is considered to be non-available. However, based on discussion in last meeting, the gNB may not able to know whether a RO is available or not, as it depends on the TA of the UE, which may not available when there is a PDCCH ordered PRACH transmission.  However, we think gNB can perform blind detection at a specific RO on whether there is a PRACH transmission or not. The number of gNB blind detection is limited with proper RO periodicity configuration. So we think K-offset in not necessary.
[bookmark: OLE_LINK2]Proposal 7: There is no necessity to add an additional offset between PDCCH order and corresponding PRACH.
3 Conclusion
In this contribution, we discussed the issues related to NTN timing relationship, and our proposals are as following:
Proposal 1: Support MAC CE signaling to update K-offset after initial access.
Proposal 2: Support K-offset indication with two values. The first value corresponding to RTT between satellite and reference point and the second value corresponding to RTT of service link.
Proposal 3: Update of K-offset can be indicated by a drift rate or by indication of a coordinate of a position.
Proposal 4: Support indication of beam specific K-offset.
Proposal 5: The beam specific K-offset can be indicated by an associated RS explicitly or implicitly.
Observation 1: The timing for Msg1/MsgA transmission is UL timing, and the timing for RAR reception is DL timing.
Proposal 6: If DL TX and UL RX are aligned at gNB side, NO additional offset between Msg1/MsgA and RAR is necessary; otherwise, an additional offset corresponding to RTT between reference point and gNB is necessary. 
Proposal 7: There is no necessity to add an additional offset between PDCCH order and corresponding PRACH.
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